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Abstract of EP0449600 

On a multilayer tubing made of metal, 
particularly for hydraulic brake systems 
of motor vehicles, which is produced 
from a flat metal strip by axial winding, 
the metal strip consists of an alloyed 
austenitic steel. A process for producing 
the multilayer tubing is also described. 
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(3) Multilayer tubing made from metal and production process therefor. 

@ On a multilayer tubing made of metal, particularly for hydraulic brake systems of motor vehicles, 
which is produced from a flat metal strip by axial winding, the metal strip consists of an alloyed 
austenitic steel. A process for producing the multilayer tubing is also described. 
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This invention relates to multilayer tubing made 
from metal, especially suitable for hydraulic brake 
systems of motor vehicles, produced by axially wind- 
ing a flat metal tape and a method of production there- 
for. 5 

Such tubing, when made from carbon steel has 
proven very useful as fluid pipes, i.e. for brake fluids 
or fuels or for refrigerator/freezers. It is mechanically 
very stress resistant, and by applying an anti-rust 
coating, a certain amount of protection from chemical 10 
attacks, such as saltwater, can be achieved. 

Instead of corrosion-protected multilayer steel 
tubing, seamless tubing made from copper alloys, 
such as CuNiFe, is also used. However, this has the 
disadvantage that problems can occur due to uneven- 15 
ness of the single layer wall. In addition, cracks may 
appear during manufacture due to internal stress or 
surface-breaks due to extrusion in a cold state which 
will lead to fractures at a later stage. Such tubing is 
also subject to tension cracks due to the effect of 20 
chemical substances present on road surfaces which 
get onto the tubes by water spray or air flow. The 
ammonia contained in faeces also attacks seamless 
brake pipes made from unprotected copper alloys. 

It is an object of the present invention to provide 25 
a multilayer tube made from metal, which is extremely 
resistant to chemical attack as well as to mechanical 
stresses, and also to a process for producing mul- 
tilayer tubing made of metal. 

A characteristic feature of the invented tubing is 30 
that the metal tape consists of a compound, austenitic 
steel with, preferably, a molybdenum content of at 
least 2%. However, the use of an austenitic type of 
steel without molybdenum content can also be used 
within the framework of this invention. 35 

It is particularly envisaged that the steel should 
contain the, in fact, well-known alloy components of: 
0 to 0.1% carbon, 10.5 to 14% nickel, 16.5 to 18.5% 
chromium, 2.0 to 2.5% molybdenum, a maximum of 
1% silicon and a max. of 2% manganese. A further 40 
component could be titanium at more than 5 times the 
carbon content or at least 8 times the carbon content 
of niobium. 

This composition produces both a resistance to 
many chemical substances and at the same time 45 
good mechanical strength properties. Depending on 
the detailed alloy structure it would be possible to rep- 
lace part of the niobium content by double the quantity 
of tantalum. 

The bond between the individual layers which is so 
necessary after winding, i.e. shaping should in the 
invented multilayer tubing preferably be made by 
means of copper solder. In this process copper solder 
Is metallurgically combined with steel. 

Due to the chemical resistance of the material ss 
used in this further development no extra protective 
coating is necessary. In another further development, 
a dispersion layer applied to the steel has been envis- 



aged. This dispersion layer should preferably consist 
of nickel phosphorous, it has the advantage that steel 
without molybdenum content can be used. 

This invention furthermore includes an advan- 
tageous process for the manufacture of multilayer tub- 
ing made from metal, particularly for hydraulic brake 
systems for motor vehicles by axially winding a flat 
metal tape characterised in that a solder, used to bind 
the individual layers, is distributed over the areas to 
be joined after the winding operation. 

The invented process as well as most further 
developments of this process are specially designed 
for the production of multilayer tubing made from 
alloyed austenitic steel. However, they can also be 
applied to advantage to other types of steel, for inst- 
ance, to ordinary carbon steel. The latter particularly 
provides economic advantages. The invented pro- 
cess is suitable for continuous as well as for intermit- 
tent production. 

One advantageous further development of the 
invented process is that the solder is deposited at the 
outer or inner edge of the gap formed during moulding 
and then distributed over the whole gap by capillary 
effect after heating the multilayer tubing. It is possible 
to deposit the solder either at the outer edge after 
moulding or at one of the edges of the yet unmoulded 
metal tape. In both cases the solder can be deposited 
by spraying or by providing the solder in strip, e.g. wire 
or tape, form. Appropriate methods are well known. 

In order to achieve a reduction in the passive sur- 
face of the metal tape for the subsequent soldering 
process, anotherfurther development prescribes how 
to subject the already moulded multilayer tubing to a 
first temperature increase under reducing gas, prefer- 
ably hydrogen, at a purity to 5.0. Then a further heat- 
ing stage, a second temperature increase, follows 
during which the solder melts. This second tempera- 
ture should be held for a given period. 

An advantageous form of this further develop- 
ment prescribes that the first temperature be £ 
1000°C, but remain below the melting temperature of 
solder, the second temperature, however, be slightly 
above the melting temperature of solder and that the 
given time be £ 20 s. 

This way, a flawless reduction of the surface of 
the metal tape is obtained on the one hand whilst any 
grain-boundary diffusion of the solder during the 
immediately following soldering process is prevented 
which, as Is well-known, can lead to a so-called "sol- 
der break". 

The reduction process as well as the transition to 
melting of the solder and a distribution of the solder 
throughout the gap Is improved by the fact that a tem- 
perature increase of about 5°C/s between the first and 
the second temperature takes place. 

An adaptation of the invented process for the use 
of copper consists of an increase in the temperature 
of the already moulded multilayer tubing to 10000°C 
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in a first phase, a supply of reducing gas, preferably 
hydrogen at a purity of 5.0 started during the first 
phase, a temperature increase to approximately 
1090°C obtained during the second phase, the tem- 
perature achieved being maintained during a third 
phase for a duration of £ 20 s, and cooling of the mul- 
tilayer tubing taking place during a fourth phase. 

When using uncoated metal tape it will be advan- 
tageous to use an internal tool (float) for moulding 
which is made from a material not subject to tenden- 
cies of adhesive wear on the metal tape material. The 
float should be stable up to a temperature of about 
650°C. This way, the temperature can be increased 
immediately after moulding which is particularly 
advantageous during continuous production. 

Some exemplary embodiments of the invention 
will now be described reference being made to the 
accompanying drawings, in which: 

Fig. 1 is a cross-section of a multilayer tube in 
accordance with the present invention; 
Fig. 2 depicts various cross-sections of the mul- 
tilayer tube of Fig. 1 during various phases of the 
production process; and 

Fig. 3 depicts a timing diagram showing the tem- 
peratures to which the multilayer tube is subjec- 
ted after moulding. 

The various components have been given 
appropriate references in the diagrams. 

As depicted in Fig. 1, the invented multilayer tube 
consists of an axially wound steel tape 1 which, 
according to the so-called Bundy-process, is rolled up 
to the extent that it consists of two layers at every point 
of the circumference. Between the layers a layer of 
solder 2 is situated which should preferably consist of 
copper or a suitable copper alloy and which should 
ensure a firm join between the layers. Metal tape 1 
consists of steel of the following composition: 0 - 0.1 % 
carbon, 10.5 - 14.0% nickel, 16.5 - 18.5% chromium, 
2.0 - 2.5% molybdenum, more than five times the car- 
bon content of titanium, a maximum of 1% silicon, a 
maximum of 2% manganese and at least 8 times the 
carbon content of niobium. 

This composition ensures high mechanical stabi- 
lity and a protection from all chemical influences 
attacking the underside and engine compartment of a 
motor vehicle. 

In the description of a practical example for the 
invented process the tape consists of austenitic 
alloyed steel. Several different methods for the initial 
moulding are available so that a description in con- 
Junction with the invented process will not be neces- 
sary. It should only be pointed out that the internal 
tool, the so-called float, is adapted to the uncoated 
metal tape such that it does not cause adhesive wear 
of the tape material. 

After moulding, a soldering agent is applied to the 
outer edge region of the gap in the multilayer tubing 
by spraying as shown in Fig. 2a or in strip e.g. wire or 



tape form. Pure copper could be chosen as a solder- 
ing agent. However, suitable copper alloys could also 
be used, as well as other suitable solders. 

The temperature of the processes following 

5 moulding is controlled in such a way that the cold har- 
dening process of the tape wound to a multilayer tube 
takes place sufficiently slowly and without major 
geometrical changes of the roll taking place in order 
to obtain the necessary very narrow soldering gap. 

10 However, in the interest of achieving a required pro- 
duction speed and a limitation in the dimensions of the 
heating plant, it has been found that instead of using 
any slow temperature increase of the moulded mul- 
tilayer tube, it has been found that the heat timing 

15 diagram of Fig. 3 is particularly advantageous. As 
shown in Fig. 3, an initially relatively quick tempera- 
ture increase is envisaged. During this first phase 
hydrogen is added from external sources (Fig. 2b). An 
appropriately high pressure ensures that the hydro- 

20 gen penetrates the gap to the interior of the multilayer 
tube. As soon as a temperature of about 1000°C has 
been exceeded, phase two commences, in which the 
temperature is increased by about 5°C/s. During this 
phase the reduction process takes place which is 

25 completed when the melting temperature of the cop- 
per solder has been reached. 

Thus the third phase is reached at the beginning 
of which the liquid copper solder is drawn into the gap 
by a capillary effect (Fig. 2c). The duration of the third 

30 phase is critical for a good metallurgical bond be- 
tween copper solder and steel tape. However, grain- 
boundary diffusion must be avoided. For this reason 
the third phase must not exceed a duration of £ 20 s. 
A fourth phase then serves as the final cooling pro- 

35 cess. 



Claims 



40 1 . Multilayer tubing made from metal, especially for 
hydraulic brake systems of motor vehicles pro- 
duced by axially winding a flat metal strip, charac- 
terised in that the metal strip consists of an 
alloyed austenitic steel. 

45 

2. Multilayer tubing according to claim 1 , character- 
ised in that the steel has a molybdenum content 
of at least 2%. 

so 3. Multilayer tubing according to claim 2, character- 
ised in that the steel contains the following alloy 
components in a manner known in itself: 
Oto 0.1% carbon, 
10.5 to 14% nickel, 

55 1 6.5 to 1 8.5% chromium, 

2.0 to 2.50% molybdenum, 
a maximum of 1% silicon and 
a maximum of 2% manganese. 
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4. Multilayer tubing according to claim 3, character- 
ised by a titanium component which is more than 
5 times the carbon content. 

5. Multilayer tubing according to claim 3, character- s 
ised by a niobium content of at least 8 times the 
carbon content. 

6. Multilayer tubing according to claim 5, character- 
ised in that a partial quantity of the niobium is rep- 10 
laced by double the quantity of tantalum. 

7. Multilayer tubing according to one of the preced- 
ing claims, characterised in that the individual 
layers are metallurgical^ bonded by copper sol- 1 s 
der. 

8. Multilayer tubing according to claim 1 , character- 
ised by a dispersion layer applied to the steel. 

20 

9. Multilayer tubing according to claim 8, character- 
ised in that the dispersion layer consists of nickel 
phosphorus. 

10. Process for producing multilayer tubing made of 25 
metal especially for hydraulic brake systems of 
motor vehicles by axiaily winding a flat metal strip, 
characterised in that a solder, used to bind the 
individual layers, is distributed over the surfaces 

to be joined after the winding operation. 30 

11. Process according to claim 10, characterised in 
that the metal strip consists of normal carbon 
steel. 

12. Process according to claim 10, characterised in 
that the metal strip consists of alloyed austenitic 
steel. 

13. Process according to claim 10, characterised in 
that the solder is deposited at the outer or inner 
edge of the gap formed by moulding and, after the 
heating of the multilayer tubing, is distributed over 
the surfaces to be joined by capillary action. 

14. Process according to claim 13, characterised in 
that the solder is deposited at the outer edge of 
the gap after moulding. 

15. Process according to claim 13, characterised in so 
that the solder is deposited in the area of one of 

the edges of the yet unmoulded metal strip. 

16. Process according to either of claims 14 or 15, 
characterised in that the solder is sprayed on. 55 

17. Process according to claim 14 or 15, character- 
ised in that the solder is applied in strip form. 



18. Process according to claim 10, characterised In 
that the already moulded multilayer tubing is 
heated to an initial temperature under reducing 
gas, preferably hydrogen at a purity of 5.0, in that 
this is followed by further heating to a second tem- 
perature, during which the solder melts and in that 
the second temperature is held for a predeter- 
mined period. 

19. Process according to claim 18, characterised In 
that the first temperature is s 1000°C, but is 
below the melting temperature of the solder, in 
that the second temperature is slightly above the 
melting temperature of the solder and in that the 
predetermined time is ^ 20 s. 

20. Process according to claim 19, characterised in 
that a temperature increase of approximately 
5°C/s takes place between the first and second 
temperature. 

21 Process according to claim 10, characterised In 
that the temperature of the already moulded mul- 
tilayer tubing is increased in a first phase to 
approximately 1000°C, in that, in the first phase, 
the supply of reducing gas, preferably hydrogen, 
is commenced with a purity of 5.0, in that, in a sec- 
ond phase, the temperature is increased to 
approximately 1090°C, in that, in a third phase, 
the temperature reached is held for ^ 20 s and in 
that, in a fourth phase, a cooling of the multilayer 
tubing takes place. 



22. Process according to claim 10, characterised in 
35 that an internal tool (float) is used for moulding 

which is made from a material which is not subject 
to adhesive wear on the metal strip material. 

23. Process according to claim 22, characterised in 
40 that the float is stable up to a temperature of 

approximately 650°C. 
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